Abstract: Gene single nucleotide polymorphisms play a critical role in the development of esophageal squamous cell carcinoma (ESCC). The aim of this study is to investigate the associations between EZH2 gene polymorphisms and ESCC risk. We undertook a case-control study to analyze three EZH2 polymorphisms (148505302C > T, 2110 + 6A > C and 626 − 394T > C) in an Han Chinese population, by extraction of genomic DNA from the peripheral blood of 476 patients with ESCC and 492 control participants, and performed EZH2 genotyping using DNA sequencing. The obtained results indicated that overall, no statistically significant association was observed in 148505302C > T and 2110 + 6A > C. However, 626 − 394T > C genotype was at increased risk of ESCCs (p = 0.006; odds ratio (OR) = 1.131, CI 95%: 1.034-1.236). Moreover, 626 − 394C/C genotype ESCCs were more significantly common in patients with tumor size of >5 cm than T allele ESCC and in cases of poor differentiation and lower advanced pathological stage. In conclusion, polymorphism in 626 − 394T > C was observed to be associated with susceptibility of ESCC. Nevertheless, further investigation with a larger sample size is needed to support our results.
Introduction
Esophageal cancer is an aggressive cancer constituting the sixth cause of cancer-related deaths worldwide [1] . The main histological type is squamous cell carcinoma (SCC) in East Asia [2] . Despite the great advances achieved in operation and chemoradiotherapy technology recently, the overall 5-year survival rate of esophageal squamous cell carcinoma (ESCC) patients remains less than 30% [3, 4] . Accumulated epidemiological evidences indicate that tobacco smoking, heavy alcohol drinking, micronutrient deficiency as well as dietary carcinogen exposure might be the main environmental risk-factors of this malignant disease [5] . Many studies have suggested the importance of gene single nucleotide polymorphisms (SNPs) that are involved in xenobiotic metabolism that might be responsible for ESCC risk. A number of common SNPs associated with ESCC risk play a critical role in the development of ESCC through modifying the expression of target genes that regulate cell behaviors [6, 7] . Therefore, discovery of novel biologically functional and ESCC-risk-associated SNPs might be a potentially valuable path towards illuminating ESCC genetics thoroughly.
Polycomb group genes (PcGs) are epigenetic effectors essential for stem cell self-renewal and lineage-specific gene silencing [8] . The enhancer of zeste homolog 2 (EZH2) gene, known as a member of the PcG, has been found to contribute to the maintenance of cell identity, cell cycle regulation and oncogenesis [9] . It is reported that EZH2 serves as a histone methyl transferase involved in gene silencing, and disruption of EZH2 expression can lead to cancer [10] . EZH2 amplification was first reported in hematologic malignancies [11, 12] , and there is increasing evidence showing that EZH2 is frequently overexpressed in a wide variety of cancerous tissue types, including endometrial, gastric, colon, esophageal, hepatocellular, bladder and oral cancers and is associated with poor prognosis [13] [14] [15] [16] [17] [18] .
The abnormalities of EZH2 were observed to correlate closely with tumor aggressiveness and/or poor patient prognosis. He and colleagues investigated the expression of EZH2 in ESCC by IHC [19] . The authors concluded that high expression of EZH2 correlates with tumor aggressiveness and adverse patient outcome in ESCC treated with definitive chemoradiotherapy. In our previous study, we observed that polymorphism in EZH2 gene 626 − 394T > C was observed to be associated with susceptibility of colorectal cancer. However, 148505302C > T polymorphism was indicated to play a protective role in susceptibility to colorectal cancer [20] .
Thus, in this study, in order to clarify association between EZH2 SNPs rs887569 (g.148505302C > T), rs41277434 (c.2110 + 6A > C) and rs3757441 (c.626 − 394T > C) polymorphisms and ESCC risks, we performed a hospital-based case-control study on Han Chinese population.
Results

Characteristics of Subjects
This study comprised 476 patients and 492 controls. All the cases and controls were randomly selected from the general Han Chinese population of China. Table 1 shows the main characteristics of case-control populations. The age distribution, gender, alcohol consumption, smoking habits, and family history (FH) of cancer in the case and control groups are not statistically different. The cases and controls were well matched by age (mean ± SD, 62.36 ± 5.41 years in cases and 63.45 ± 4.18 years in controls) and gender (the same proportion for males and females), which suggests that frequency matching was adequate. The frequency of males was significantly higher, being in accordance with a worldwide estimation for ESCC. 
EZH2 Gene 148505302C > T, 2110 + 6A > C and 626 − 394T > C Polymorphisms in ESCC
The gene polymorphisms of EZH2 rs887569 (g.148505302C > T), rs41277434 (c.2110 + 6A > C) and rs3757441 (c.626 − 394T > C) were successfully amplified in all ESCC and control cases. The genotypic distributions of all three gene polymorphisms in cases and controls were in Hardy-Weinberg equilibrium (all p > 0.05) ( Table 2) . Overall, no statistically significant association was observed in EZH2 SNP 2110 + 6A > C and 148505302C > T. Individuals with EZH2 626 − 394C/C genotype were more susceptible to ESCCs (p = 0.004, OR = 1.324). Moreover, the variant allele frequency C of EZH2 (626 − 394T > C) was higher in cases as compared with controls (24.2% vs. 21.8%); this result also showed statistical significance (p = 0.006). Table 3 shows the association of EZH2 gene 148505302C > T, 2110 + 6A > C and 626 − 394T > C polymorphisms with clinicopathological characteristics, including gender, age at diagnosis, tumor size, differentiation, T stage, lymph node metastasis, and pathological stage of the cancer.
Relationship between EZH2 Gene 148505302C > T, 2110 + 6A > C and 626 − 394T > C Polymorphism and Known Clinicopathological Variables
For all three SNPs, the polymorphisms were not related to the gender and age of the patients and pathological features of the cancer (p > 0.05). Our data indicated that EZH2 gene (626 − 394T > C) polymorphism may be a susceptible genotype for ESCC development and may increase the risk of ESCC among the Han Chinese population. Moreover, 626 − 394T > C SNP was observed to be significantly associated with increased risk with tumor size, differentiation, T stage, and pathological stage (p = 0.014, p = 0.001, p = 0.017 and p = 0.037, respectively). However, the 148505302C > T and 2110 + 6A > C polymorphism in EZH2 gene may be not association with ESCC susceptibility.
Although in EZH2 gene 626 − 394T > C the polymorphisms were not related to the presence of lymph nodal metastases, the 626 − 394CC genotype was more common in ESCC of higher advanced pathological staging (stages I & II vs. III & IV, p = 0.037). 
Discussion
Polycomb group (PcG) proteins are epigenetic chromatin modifiers involved in cancer development and their roles are now being evaluated in numerous human malignancies [21] . PcG proteins are essential for cancer stem cell (CSC) self-renewal. PcG members are organized in two main protein complexes: Polycomb repressive complex 1 and 2 (PRC1, PRC2) [22] . Enhancer of zeste homolog 2 (EZH2) is the catalytic subunit of PRC2, and is overexpressed in poorly differentiated ESCC [19] . Several genetic and epigenetic factors may be involved in the deregulation and modulation of key signaling pathways in tumor aggressiveness and chemoresistance. The abnormal expression of EZH2 is involved in the tumorigenic types of cancer with poor prognoses [18, 23] . Previous studies have demonstrated that EZH2 contributes to the epigenetic silencing of several target genes that control cell growth and proliferation, including E-cadherin, Rb and p16 [24] . The overexpression of EZH2 may induce hypermethylation of the promoter of the p16 gene, reducing the expression of p16, which is a key step in the multistep cholangiocarcinogenesis from hepatolithiasis to intraepithelial neoplasia [25] .
In one of our previous studies, we undertook a case-control study to analyze associations between EZH2 polymorphisms (148505302C > T, 2110 + 6A > C and 626 − 394T > C) and colorectal cancer (CRC) risk [20] . Our results indicated that no statistically significant association was observed in 2110 + 6A > C SNP. Nevertheless, 148505302C > T genotype demonstrated a protective effect in CRCs (odds ratio (OR) = 0.777). Furthermore, 148505302 T allele CRC was more significantly common in patients with smaller tumor size, good differentiation and lower advanced pathological stage. However, 626 − 394T > C genotype CRCs were more significantly common in patients with tumor size of >5 cm than T allele CRC and in cases of poor differentiation and lower advanced pathological stage.
The present study shows that there is no association between the EZH2 gene 148505302C > T SNP, 2110 + 6A > C SNP and ESCCs development, which might indicate genetic diversity linked with tumorigenesis. In another previous study, Crea and colleagues have shown that the haplotypes analysis of 2110 + 6A > C genotype was not related with objective response, progression-free survival (PFS) and overall survival (OS) in metastatic colorectal cancer patients (mESCC) [26] . Although the present study did not reveal that the EZH2 g.148505302 T allele has a significant relationship with ESCC risk, Paolicchi and colleagues reported that EZH2 g.148505302 TT genotype was correlated with a significantly longer OS in cholangiocarcinoma (p = 0.026), and moreover, the TT genotype revealed a trend toward a significant association with a reduced risk of mortality [27] . Therefore, the association of EZH2 g.148505302C > T and 2110 + 6A > C polymorphism with susceptibility of ESCCs should be studied in a larger sample size, and the involved molecular mechanisms need further investigation.
The 626 − 394T > C SNP is an intronic polymorphism [27] . This intronic SNPs may affect gene expression through several mechanisms, including changes in transcription factor (TF) binding sites [28] , microRNA target sequences [29] and splicing variants [30] . In C/C homozygotes, EZH2 expression could be deregulated, therefore producing more malignant tumors. Crea found that EZH2 mRNA levels are higher in C/C CRC patients, compared with other genotypes. The C/T and T/T genotypes did not show a significantly different EZH2 expression [26] . In a recent study, Fornaro et al. revealed that EZH2 gene 626 − 394C > T SNP does not represent a potential predictive marker for bevacizumab efficacy but may play a role as either a prognostic variable or a predictive factor for first-line irinotecan-based chemotherapy in CRC patients [31] . In this study, our data for 626 − 394T > C variant showed that the C allele distribution was significantly associated with ESCCs, compared with controls (p = 0.006). The homozygous CC variant in our study was observed to be significantly associated with increased risk of tumor size, differentiation, T stage, and pathological stage.
Materials and Methods
Subjects
A total of 476 cases of patients with ESCC and 492 healthy controls were qualified for this study. We performed a hospital-based case-control study. All samples were collected before any kind of therapeutic measures were taken at the Department of Gastroenterology, Affiliated Hospital of Binzhou Medical College, between January 2009 and October 2013. The samples of the patients were collected after the diagnosis had been confirmed by esophageal endoscopy. All patients were submitted to surgery or preoperative chemoradiotherapy. Written informed consent was obtained from all participants. The study protocol was approved by the Ethics Committee of the Affiliated Hospital of Binzhou Medical College in accordance with the Declaration of Helsinki (2000). The ESCC patients were staged according to the American Joint Committee on Cancer/International Union Against Cancer tumor-node-metastasis (TNM) staging system [32] .
DNA Extraction
Genomic DNA from the whole blood cells was extracted using a QIAamp Blood kit (Qiagen, Hilden, Germany), following the manufacturer's instructions. DNA concentration and purity of each sample were measured by ultraviolet spectrophotometer (Eppendorf, Hamburg, Germany). DNA samples were routinely stored at −20 °C.
Genotyping
Analysis of EZH2 gene SNPs, rs887569 (g.148505302C > T), rs41277434 (c.2110 + 6A > C) and rs3757441 (c.626 − 394T > C) were performed using multiplex polymerase chain reaction (PCR) with an ABI premix. Primers for PCR and single base extension were designed using the Assay Designer software package (Sequenom, San Diego, CA, USA). In each 25 μL reaction, 1 μL genomic DNA (100 ng/μL) was amplified by 1.25 U Taq DNA polymerase (Takara, Dalian, China) with 2 μL of 2.5 mM dNTPs and 0.5 μL of each primer. The PCR conditions were performed as previously described [20, 33] . PCR products were analyzed on a 3% ethidium bromide added agarose gel, and photographs were taken under ultraviolet light transilluminator. Subsequently, PCR product was sequenced in an ABI PRISM 3100 sequencer (Applied Biosystems, Milton Freewater, CA, USA) using BigDye Terminator v3.1 (Applied Biosystems, Milton Freewater, CA, USA) Cycle Sequencing method (Applied Biosystems, Milton Freewater, CA, USA) as recommended by the manufacturer. Candidate SNP regions were detected and typed with the aid of DNA Star Software (DNASTAR, Madison, WI, USA).
Statistical Analysis
Statistical calculations were performed using the SPSS Statistics 13.0 for Windows software package (SPSS Inc., Chicago, IL, USA). Frequency and susceptibilities of mutations were compared with the χ 2 test. The p values obtained were two-tailed, and the association of significance was assumed to be less than 0.05. The Hardy-Weinberg equilibrium (HWE) was verified for the different studies of polymorphisms. p > 0.05 was considered not to deviate from the equilibrium. The crude and adjusted odds ratio (OR) and the corresponding 95% confidence intervals (CI) were calculated using unconditional multiple logistic regression.
Conclusions
To conclude, this is the first experience suggesting that an EZH2 polymorphism has significant impact on clinical outcome in ESCC. Despite this, our investigation has some limitations that should be pointed out: it is a retrospective study, conducted on a small population. Thus, our exploratory data need to be confirmed by a larger, prospective independent series in order to overcome possible bias inherent to retrospective evaluations. In particular, to explore the predictive value of this SNP, an adequately powered, prospective randomized trial should be carried out.
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